We previously reported that mice over-expressing the human amyloid precursor protein gene with the double Swedish mutation of familial Alzheimer's disease (mtAPP), which exhibit progressive deposition of amyloid ␤-peptide in hippocampal and cortical brain regions, have an impaired ability to maintain a sustained glucocorticoid response to stress. Corticotropin releasing hormone (CRH), which initiates neuroendocrine responses to stress by activating the hypothalamic-pituitary-adrenal (HPA) axis, is expressed in brain regions prone to degeneration in Alzheimer's disease. We therefore tested the hypothesis that CRH can modify neuronal vulnerability to amyloid ␤-peptide toxicity. In primary neuronal culture, CRH was protective against cell death caused by an amyloid-␤ peptide, an effect that was blocked by a CRH receptor antagonist and by an inhibitor of cyclic AMP-dependent protein kinase. The increased resistance of CRH-treated neurons to amyloid toxicity was associated with stabilization of cellular calcium homeostasis. Moreover, CRH protected neurons against death caused by lipid peroxidation and the excitotoxic neurotransmitter glutamate. The level of mRNA encoding CRH was unchanged in mtAPP mouse brain, whereas the levels of mRNAs encoding glucocorticoid and mineralocorticoid receptors were subtly altered. Our results suggest that disturbances in HPA axis function can occur independently of alterations in CRH mRNA levels in Alzheimer's disease brain and further suggest an additional role for CRH in protecting neurons against cell death.
INTRODUCTION
Corticotropin-releasing hormone (CRH) is a 41-amino acid peptide that functions as a central regulator of the endocrine, autonomic, and behavioral responses to stress (Owens and Nemeroff, 1991) . It was identified based on its ability to stimulate the secretion of pro-opiomelanocortin-derived peptides, such as adrenocorticotropic hormone (ACTH), from the anterior pituitary gland (Vale et al., 1981) . During stress, neurons of the hypothalamic paraventricular nucleus (PVN) release CRH into the pituitary portal circulation, and ACTH secreted from the anterior pituitary gland in response to CRH stimulates the secretion of glucocorticoids from the adrenal gland. This constitutes the hypothalamic-pituitary-adrenal (HPA) axis, which is the major regulator of neuroendocrine stress responses in mammals (Raber, 1998; Arborelius et al., 1999) . Neuronal cell bodies and projections that contain CRH are heterogeneously distributed throughout
